Abstract-An electromagnetic analysis is performed on different first wall designs for the ITER device. The electromagnetic forces and torques present due to a plasma disruption event are calculated and compared for the different designs.
INTRODUCTION
ITER is a joint international research and development project formed to demonstrate the scientific and technical feasibility of fusion power. The geometry of ITER is a tokamak, in which strong magnetic fields confine the fusion plasma. The plasma facing components consist of a first wall which is attached to a shield module. These components are designed to withstand the thermal, neutronic, and electromagnetic environments. Specifically there are scenarios where the plasma is disrupted inducing large eddy currents within the first wall and shield modules. These currents interact with the confining magnetic fields to produces forces and torques on these components. The purpose of this paper is to report on the analysis of a number of different first wall designs to assess the forces and torques that will be experienced during plasma disruption.
II. ANALYSIS

A. Geometry
The geometry of the model used for the analysis is a subset of the actual device. The model includes the vacuum vessel, shield module, first wall, and strongback (supports the first wall and is attached to the shield module). There are also beryllium tiles attached to the first wall but are neglected for this analysis. A twenty degree sector is modeled preserving a full shield module on the inboard side of the machine. The shield module with first wall components is located in the position of shield module 4 (Fig. 1) .
The first wall analyzed in this paper consists of a number of components. These include a CuCrZr layer of material backed by stainless steel 316. A view of the different components that make up the first wall / shield module assembly is shown in Fig.2 . Note the eddy current slits in the toroidal direction, in the original design they were along the poloidal direction.
Three different first wall designs will be considered and the forces and torques will then be calculated. The different first wall design focus on varying the thickness the CuCrZr layer where large eddy currents will be induced. They are shown in Fig.3 . 
B. Disruption Currents
The currents in the device are modeled from the DINA simulations for the particular plasma disruption event [1] . They include 6 central solenoid coils, 6 poloidal field coils, and an axial current (to simulate the toroidal field coil) [2] . The plasma currents are modeled by 100 loops that vary with timeequivalent to the plasma current in the DINA simulations. The plasma disruption used in this analysis is identified as the Major Disruption Up with linear current decay (decays linearly to zero after thermal quench occurs, see Fig. 4 ). 
C. Solution Method
The electromagnetic software used in this analysis is OPERA-3d [3] . This software package solves the transient electromagnetic problem via a finite-element formulation. A number of key features of this software are used. First symmetry is invoked so that only a smaller angular sector of the problem needs to be solved. Secondly, the results can be exported for further processing by mechanical software packages -for stress calculations. Finally the currents are independent of the mesh and the solver initializes the currents on the mesh.
Once the problem is solved the results (magnetic flux density and eddy currents) are exported to external files. The data in these files are used to calculate the total force and torque as a function of time. Note the pivot point for the torque calculation is the center of the shield facing side of the first wall assembly.
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III. RESULTS
The different torque calculated for the first wall designs will now be presented. They are shown in Figures 5, 6 , and 7. The reference coordinate system is shown in Fig. 3 . From this Figure the x-direction, y-direction, and z-direction are the radial, toroidal, and poloidal directions of the machine, respectively. The calculated torque clearly shows that the thickness of the CuCrZr layer is an important design consideration. The maximum torque always occurs with the first wall, FW 1 design.
The effect of diffusion of the fields can also be seen in the data. At early time (near the beginning of the plasma disruption) the calculated torque for the different designs are very similar. As the plasma disruption continues the different time dependent behavior becomes evident and the full effect of the thickness of the CuCrZr is exposed.
The force distribution in the first wall is also important. This is due to the fact that the outer edges of the first wall are not constrained and could deflect significantly under the large electromagnetic loads that may be present. The deflection of the fingers was considered statically by using the Abaqus [4] software package.
A time step was chosen where the force was a maximum on the first wall assembly. Then results were packaged for the Abaqus software and the deflection was then calculated [5] . This is shown in Fig. 8 .
These results clearly reveal a design issue with the new first wall design. The amount of deflection indicates that the assumption of electrical isolation between the slits of the first wall would not be valid since the gaps between them will close due to the electromagnetic forces. To circumvent this problem a design modification was proposed -restraining the ends of the first wall fingers. This was communicated to the International Organization responsible for the design of the machine 
IV. CONCLUSIONS/FUTURE WORK
The electromagnetic forces and torques have been calculated for a number of different first wall designs. These designs differ with regards to the thickness of the CuCrZr layer and clearly reveal higher torques as this layer's thickness increases. In addition the time variation of the torque with respect to layer thickness was also exposed.
The electromagnetic forces also revealed that the first wall fingers could be deflected to a point where they would be in contact and invalidate the electrical isolation assumption used in the electromagnetic analysis. These results led to design enhancements in the first wall design to avoid this undesirable behavior.
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